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Performance Analysis and Simulation of
MC-CDMA over Different Models of
Multipath Fading Channels

Mohammed Ali Alshehri

Abstract

The common feature of the next generation of wireless technology will be the
convergence of multimedia services such as speech, audio, video, image, and data. This
implies that a future wireless terminal, by guaranteeing high-speed data, will be able to
connect to different networks in order to support various services: switched traffic, IP
data packets and broadband streaming services such as video.

Orthogonal Frequency Division Multiplexing (OFDM) has recently gained a lot of
attention and is a potential candidate for Fourth Generation (4G) wireless systems
because it promises data rates up to 10Mbps. A variation of OFDM is Multi-Carrier
CDMA (MC-CDMA) which is an OFDM technique where the individual data symbols
are spread using a spreading code in the frequency domain. The spreading code
associated with MC-CDMA provides multiple access technique as well as interference
suppression.

The aim of this thesis is to study the bit error rate (BER) performance of MC-CDMA in
downlink channels over different multipath fading channel models and develop a
MATLAB program to simulate this system and study the effect of different system and
channel factors on the BER performance.
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Chapter I

Introduction

The common feature of the next generation of wireless technology will be the
convergence of multimedia services such as speech, audio, video, image, and data. This
implies that a future wireless terminal, by guaranteeing high-speed data, will be able to
connect to different networks in order to support various services: switched traffic, 1P
data packets and broadband streaming services such as video.

The rapid increase in the number of wireless mobile terminal subscribers, which
currently exceeds 2 billion users throughout the world [1], highlights the importance of
wireless communications in this millennium.

The adaptation of wireless technologies to the user’s rapidly changing demands has
been one of the main drivers of this revolution. Therefore, the worldwide wireless
access system is and will continue to be characterized by a heterogeneous multitude of
standards and systems. This revolution of wireless communication systems is not
limited to cellular mobile telecommunication systems such as Global System for Mobile
Communications ( GSM ), Interim Satandard-95 ( 1S-95 ), Digital-Advanced Mobile
Phone Service ( D-AMPS ), Personal Digital Cellular ( PDC ), Universal Mobile
Telecommunications Systems ( UMTS ) or Code-Division Multiple Access 2000
(CDMA2000), but also includes wireless local area networks (WLANSs), e.g., High
Performance Local Area Network (HIPERLAN/2), IEEE 802.11a/b and Bluetooth, and
wireless local loops (WLL), e.g., High Performance Metropolitan Area Network

(HIPERMAN), High Performance Access (HIPERACCESS), and IEEE 802.16 as well



as broadcast systems such as Digital Audio Broadcasting (DAB) and Digital Video

Broadcasting (DVB)[1-13].

1.1 First Generation Cellular Systems
The first generation cellular systems generally employ analog Frequency Modulation
(FM) techniques. The Advanced Mobile Phone System (AMPS) is the most notable of
the first generation systems. AMPS was developed by the Bell Telephone System. It
uses FM technology for voice transmission and digital signaling for control information.
Otbher first generation systems include: [1-13]

e Narrowband AMPS (NAMPS).

e Total Access Cellular System (TACS).

e Nordic Mobile Telephone System (NMT-900).
All the first generation cellular systems employ Frequency Division Multiple Access
(FDMA) with each channel assigned to a unique frequency band within a cluster of

cells.

1.2 Second Generation Cellular Systems

The rapid growth in the number of subscribers and the increase of many incompatible
first generation systems were the main reason behind the evolution towards second
generation cellular systems. Second generation systems take the advantage of
compression and coding techniques associated with digital technology. All the second
generation systems employ digital modulation schemes. Multiple access techniques like
Time Division Multiple Access (TDMA) and Code Division Multiple Access (CDMA)
are used along with FDMA in the second generation systems. Second generation
cellular systems include:

e United States Digital Cellular (USDC) standards IS-54 and IS-136

e Global System for Mobile communications (GSM)



e Personal Digital Cellular (PDC)

e cdmaOne (CDMA2000)

1.3 Third Generation Multiple Access Schemes

Trends towards more capacity for mobile receivers, new multimedia services, new

frequencies and new technologies have motivated the idea of 3G systems. A unique

international standard was targeted: Universal/International Mobile Telecommunication

System (UMTS/IMT-2000) with realization of a new generation of mobile

communications technology for a world in which personal communication services will

dominate. The objectives of the third generation standards, namely UMTS and

CDMA2000 (IMT-2000)[1-14] went far beyond the second-generation systems,

especially with respect to:

The wide range of multimedia services (speech, audio, image, video, data)
and bit rates (up to 2 Mbit/s for indoor and hot spot applications).

The high quality of service requirements (better speech/image quality,
lower bit error rate (BER), higher number of active users).

Operation in mixed cell scenarios (macro, micro, pico).

Operation in different environments (indoor / outdoor, business /domestic,
cellular/cordless).

And finally flexibility in frequency (variable bandwidth), data rate
(variable) and radio resource management (variable power/channel

allocation).

The commonly used multiple access schemes for second and third generation wireless

mobile communication systems are based on either Time Division Multiple Access

(TDMA), Code Division Multiple Access (CDMA) or the combined access schemes in



conjunction with an additional Frequency Division Multiple Access (FDMA)

component.

The recent ITU adopted standards for 3G (UMTS and cdma2000) are both based on
CDMA. For UMTS, Code Division Multiple Access-Frequency Division Duplex
(CDMA-FDD) mode, which is known as wideband CDMA, employs separate 5 MHz
channels for both the uplink and downlink directions. Table 1.1 summarizes the key

characteristics of 2G and 3G mobile communication systems.

TABLE 1.1 Main parameters of 2G and 3G Mobile Radio Systems. [1]

2@ systems 3G systems

Parameter IMT-2000/UMTS
GSM 1S-95
(WARC’92 [39])

1900 — 1980 MHz

Carrier 900 MHz 850 MHz

2010 — 2025 MHz
frequencies 1800 MHz 1900 MHz

2110 -2170 MHz
Peak data rate 64 kbit/s 64 kbit/s 2 Mbit/s
Multiple ccess TDMA CDMA CDMA

Voice, low Voice, low rate
Services Voice, data, video
rate data data

1.4 Toward 4G Systems

According to the Vision Preliminary Draft of New Recommendation (DNR) of ITU-
Radiocommunications ITU-R WPSF, there will be a steady and continuous evolution of
IMT-2000 to support new applications, products and services. For example, the
capacities of some of the IMT-2000 terrestrial radio interfaces are already being
extended up to 10 Mbps, and it is anticipated that these will be extended even further,

up to approximately 30 Mbps, although these data rates will be limited only under



optimum signal and traffic conditions. For systems beyond 3G [beyond IMT-2000 in
the International Telecommunication Union (ITU)], there may be a requirement for a
new wireless access technology for the terrestrial component around 2010. This will
complement the enhanced IMT-2000 systems and the other radio systems with which
there is an interrelationship. It is envisaged that these potential new radio interfaces will
support up to approximately 100 Mbps for high mobility and up to approximately 1
Gbps for low mobility such as nomadic/local wireless access by around 2010 [4] [99].
Possible new radio interface components are part of the concept. The different access
systems will use already-allocated and identified frequency bands and potential new
frequency bands for the new elements. Therefore, no direct interference between
different technologies has to be expected. All access systems will be connected to an
Internet Protocol (IP)-based network. Discussions are ongoing as to whether there
should be a distinction between radio access and core network in the future.

From today's perspective, ITU-R expects the start of system standardization after
WRC'07 with respect to identified spectrum bands and an initial deployment of systems

beyond IMT-2000 after 2010.

1.5 Multicarrier Techniques for 4G Systems

Figure 1.1 shows the evolution of mobile communications systems. In ITU discussions
about 2G systems in the 1980s, two candidates for the radio access technique existed;
time division multiple access (TDMA) and CDMA schemes. Finally, the TDMA
scheme was adopted as ITU standard. On the other hand, in the discussions about 3G
systems in the 1990s, there were also two candidates, the CDMA scheme, which was
adopted in the 2G older system, and the Orthogonal Frequency Division Multiplexing
(OFDM)-based multiple access scheme called band division multiple access (BDMA).

CDMA was finally adopted as the standard. If history is repeated, namely, if the radio



access technique that was once not adopted can become a standard in new generation

systems, then the OFDM-based technique looks promising as a 4G standard [4].

MIMD=-5CM
(b2rn in 1990)

5 MIMO-SCM—

DFOM

{born in 1360} 56 systems?

COmMA 20207

[barn in 19405
TDMA

- % Not Adopted

3G systems

A O Adopted

26 systems
1550 CDMA: code divisions multiple access
TDMA: Time divisions multiple access
OFDM: orthogonal frequency division multiplexing
MIMO-SCM: multiple input multiple output-single carrier modulation

Fig. 1.1 History of mobile communications systems in terms of adopted

radio access technique.

The following provides some of justifications: [44]

1. Multicarrier techniques can combat hostile frequency selective fading encountered in
mobile communications. The robustness against frequency selective fading is very
attractive, especially for high-speed data transmission.

2. OFDM scheme has been well matured through research and development for high-
rate wireless LANs and terrestrial digital video broadcasting. A lot of know-how on
OFDM were developed.

3. By combining OFDM with CDMA, we can have synergistic effects, such as
enhancement of robustness against frequency selective fading and high scalability in
data transmission rate.

In this thesis we will study and analysis the performance of MC-CDMA over different

multipath fading channel models and simulate these channel models using MATLAB

codes.



1.6 Thesis outline

The thesis 1s organized as follows:

Chapter 2 introduces the background concepts and applications of CDMA, OFDM and
MC-CDMA.

Chapter 3 shows the characteristic of radio channels and analysis of multipath fading
channels using Rayleigh, Rician and Nakagami-m channel models.

Chapter 4 discusses combination of OFDM and CDMA. One combination is called
multicarrier code division multiple access (MC-CDMA) and discusses the system
analysis and performance and study the system Bit Error Rate (BER).

Chapter 5 describes the computer simulation of MC-CDMA downlink using MATLAB.
Simulations results are presented along with analytical results.

Chapter 6 conclusions.



